Background Obesity is a well-established risk factor for total joint arthroplasty (TJA) and a number of complications including prosthetic joint infection. The annual changes in the prevalence of obesity among primary, revision, and infected TJA has not been studied at a national level. Given the higher costs of complications of TJA, it is important to understand the association of obesity with the annual trends of revision and infected TJA.
Introduction
Obesity has been described as an epidemic in the United States [33] . Approximately one-third of the US adult population is estimated to be obese, representing a serious public health issue [38] . With knee and hip osteoarthritis being more prevalent in obese patients, it is not surprising that the rise in obesity rates is expected to be associated with an increase in use of total joint arthroplasty (TJA) in the United States [2, 20, 27, 36] . Obese patients are also at a higher risk for complications after TJA, including infection, wound complications, and revision arthroplasty [8, 14, 18, 40, 42, 43] .
The prevalence of obesity among patients undergoing TJA at a national level is yet to be studied. To the best of our knowledge, the only study that evaluated the national trends was performed by Odum et al. [37] using the Nationwide Inpatient Sample (NIS) database. Although they identified an annual increase in the obesity prevalence in patients undergoing TKA in the United States, the prevalence of obesity among patients undergoing TKA reported in their study (approximately 20%) was much lower than what has been previously reported in studies from a single institution (50%-60%) and even lower than the prevalence seen in the general population (approximately 30%) [11, 19, 38, 39] . Even if one assumes the risk of undergoing TJA to be equal in obese and nonobese individuals, the prevalence of obesity in patients undergoing TJA would be expected to be at least comparable to the general population. The lower estimates using the NIS database are possibly the result of the inaccuracies of obesity coding in administrative databases [12, 29] . With the advancements in surgical techniques and implant designs, the success rates of TJA are anticipated to improve [23, 44] . However, previous studies have reported an increasing infection burden and a relatively stable revision burden of TJA in the United States [20, 22] . The association of obesity toward the growing infection burden and stable revision burden has not been studied. Given the greater costs of revision surgeries, it is important to understand the impact obesity has on revision and infection burden after TJA [7, 16] .
We therefore asked: (1) Is the prevalence of obesity increasing among patients undergoing THA/TKA? (2) Is the prevalence of obesity increasing among patients undergoing revision THA/TKA? (3) Is the prevalence of obesity increasing among patients with infected THA/TKA?
Materials and Methods
The prevalence of obesity in the US population was used in conjunction with the estimates of risk for undergoing TJA in obese individuals to determine the prevalence of obesity among TJA from 1998 to 2011. Similarly, the prevalence of obesity in revision and infected TJA was obtained using the obesity prevalence data and the corresponding risk of revision and infection in obese individuals. The annual trends in the procedure volumes, revision burden, and infection burden were studied and the association with obesity was evaluated. Analyses were performed for knees and hips separately.
The annual number of TKAs and THAs was obtained from the NIS database [35] . As a result of the stratified sampling format of the NIS, all frequencies and analyses were converted to national estimates using weights and accounting for the complex sample design. The International Classification of Disease, 9th Revision, Clinical Modification (ICD-9-CM) codes were used to identify primary TKA and THA (81.54 and 81.51, respectively). The ICD-9-CM codes for revision TKA were 80.06 and 81.55,00.80-84 [6] and for revision THA were 80.05 and 81.53,00.70-73 [5] . Infected TJA was defined as any primary/revision TJA with the ICD-9 code 996.66 in the same hospitalization episode [22] .
The prevalence of obesity among primary, revision, and infected TJA was calculated as described subsequently. TKA and THA calculations were performed separately using the general equations shown subsequently. The number of obese individuals undergoing a primary TJA in a given year, t, can be expressed as:
where TJA t total represents the total number of primary TJAs for year t, O t represents the national obesity prevalence (in percentage) for year t, and J TJA is the risk of undergoing a TJA in obese patients compared with nonobese individuals.
The number of obese individuals undergoing a revision TJA in a given year, t, can be expressed as:
where RTJA t total represents the total number of revision TJAs for year t and R TJA is the risk for undergoing a revision procedure in obese patients undergoing TJA compared with nonobese patients undergoing TJA.
The number of obese individuals with an infected TJA in a given year, t, can be expressed as:
where ITJA t total represents the total number of infected TJAs (primary or revision) for year t and I TJA is the risk of acquiring a deep infection in obese patients undergoing TJA compared with nonobese patients undergoing TJA.
The relative risks were assumed to remain constant throughout the study period. The relative risks used in this study were obtained from previously published studies. A literature search was performed in PubMed/Medline (1995-2015) using a combination of keywords: obesity, meta-analysis, arthroplasty, population, and risk. Because the results of different studies show considerable variations, only meta-analyses or population-based studies were considered to obtain the risk estimates. The search yielded one population-based study reporting the risk of TJA in obese patients (Bourne et al. [2] ), one meta-analysis reporting the outcomes after TKA in obese patients (Kerkhoffs et al. [18] ), and two meta-analyses reporting the outcomes after THA in obese patients (Haverkamp et al. [14] and Liu et al. [24] ). Because the meta-analysis by Haverkamp et al. [14] involved more patients, the estimates of their study were used. Relative risks for THA (J THA ) and TKA (J TKA ) were assigned the values 2.86 and 5.96, respectively. These values were obtained from the study by Bourne et al. [2] , which evaluated the risks for undergoing TJA in obese individuals based on a national joint registry and population data. ) were obtained from meta-analyses reporting odds ratio for the respective complications [14, 18] . Because a meta-analysis reporting the risk for revision from all causes for THA was not available in the literature, the input for revision THA was calculated from pooling the results of multiple studies obtained from the studies included in the meta-analyses by Haverkamp et al. [14] and Liu et al. [1, 15, 17, 24, 26, 30] . The fixed-effects forest plot showing the pooled odds ratio is given in Appendix 1 (Supplemental materials are available with the online version of CORR 1 .). Although the formulas used in this study were designed to use the relative risk, this statistic could not be obtained from casecontrol studies [14, 18] . Zhang et al. [46] demonstrated that the relative risks and odds ratios tend to be similar when the prevalence of an outcome is low with correction desirable only when the odds ratio is [ 2.5 (or \ 0.5) and the prevalence of the outcome was [ 10%. Most studies have reported the prevalence of revision to be less than 10%, whereas the reported prevalence of infection is usually 1% to 2% [14, 15, 21, 22, 26, 30, 31] . Therefore, correction was not performed for the odds ratios included in this study.
Obesity prevalence was defined as the percentage of the population with a body mass index (BMI) of C 30 kg/m 2 according to the World Health Organization classification [45] . Annual prevalence of obesity (term O t in the equations) from 1998 to 2011 was obtained from the Behavioral Risk Factor Surveillance System (BRFSS), a nationwide cross-sectional health survey run by the Centers for Disease Control and Prevention, which collects data from more than 400,000 adults annually [3] . Although the BRFSS does not take the actual measures of height and weight of respondents, it is the largest survey in the United States and provides the annual obesity prevalence [3, 4] . The infection burden and revision burden were defined in agreement with other studies [20, 22] . The revision burden in a given year was defined as the total number of revision TJAs divided by the total number of TJAs (primary + revision). The infection burden was defined as the number of infected TJAs among all TJAs (primary + revision). The revision and infection burdens associated with obesity were calculated by dividing the number of obese patients undergoing a revision or infected TJA by the total number of TJAs (primary + revision) for any given year.
Statistical Analysis
The annual growth in prevalence of obesity among primary, revision, and infected TJAs was studied using linear regression analysis. Annual changes in the revision and infection burden were assessed using a simple linear regression model.
The slope or coefficient of the linear regression model provided the changes/year of prevalence and burden. A positive slope denotes an increasing prevalence or burden, whereas a negative slope denotes a decreasing prevalence or burden. If the slope was not statistically significant, the prevalence or burden was considered to be stable across the study period. Sensitivity analyses were performed to understand the variations in the results with changes in relative risks (Appendix 1). A p value of 0.05 was used as the cutoff for statistical significance.
Results
The prevalence of obesity is increasing among patients undergoing THA ( 
Discussion
The obesity epidemic in the United States is believed to be at least partly responsible for the growing demand for TJA [9, 25] . With more frequent complications reported in obese individuals, the increasing obesity prevalence may result in a dramatic increase in expensive revision surgeries [18] . In the present study, we aimed to study the annual changes in the prevalence of obesity among primary, revision, and infected TJA using data estimated from NIS data, obesity prevalence in the general population, and relative risk estimates for TJA and its complications.
The primary challenge of this study was in obtaining reliable risk estimates for various procedures in obese patients compared with nonobese patients. Because a single study reporting all the risk values was not available, the values were obtained from multiple studies, which in itself can act as a potential source of error as a result of underlying variations in the study populations. To minimize the errors, the inputs were obtained from population-based studies, meta-analyses, or by compiling the results of multiple studies. The use of estimates from such large studies is expected to provide the most reliable results and is a strength of this article. However, it should be noted that various studies have conflicting reports on the risk of infection/revision in obese patients, and the impact of obesity is less clear with respect to THA [40, 42] . Moreover, the risk estimates for TJA were obtained from a study based on a Canadian population and may be different from that seen in the US population, especially if there is a selection bias against performing TJA in obese patients [2] . Additionally, the relative risk values can change during the period of study and might influence the study results (Appendix 1). Although it is possible that gender, age, and comorbidities can potentially modify the association of obesity with TJA, stratified risks based on gender, age, and each comorbidity for every procedure were not available and, hence, they could not be assessed. In the current study, obesity was considered as a single category (BMI C 30 kg/ m 2 ), although higher rates of complications are expected in morbidly obese and super obese patients [8, 43] . Infection burden was analyzed for all TJAs (primary and revision) similar to previous studies, although separate analyses for primary and revision TJAs could have produced different results [22] . The infection burden reported in this study is obtained from a cross-sectional database like NIS and is different from the incidence of infection, which can be obtained only from longitudinal cohorts. The study is also limited by lack of recent data because the NIS database was available only until 2011 when we started the study. Finally, although an ideal approach for this study would have been to directly estimate the number of obese individuals undergoing these procedures from a national joint registry, such a registry is not available in the United States and the numbers reported in the study are crude estimates of obesity prevalence. We found an increasing prevalence of obesity among patients undergoing THA and TKA. The prevalence estimated in this study is higher than the national prevalence reported by Odum et al. [37] and closer to the prevalence reported in various single-institution studies [11, 19, 28] . For year 2008, Odum et al. [37] estimated the national prevalence of obesity in primary TKA to be 19%, whereas Kremers et al. [19] reported it to be 59%. Fehring et al. [11] reported an obesity prevalence of approximately 42% in patients undergoing primary TKA at a single center in 1990, which increased to 60% by 2005. This suggests that obesity coding in NIS data can be highly unreliable in addition to validating the methodology used in the present study. Although obesity was associated with the majority of the growth of TJA, the results of the current study suggests that growth in TJA was evident in the nonobese population also. This is in agreement with the study by Losina et al. [25] , who demonstrated that obesity alone would not explain the growth in TKA. Although the methodology used in the present study is different from that used by Losina et al., our results support the fact that there has also been considerable growth among nonobese individuals. The increase of TKA (1.8 times) and THA (1.5 times) in nonobese individuals was higher than the US population growth of 1.1 times for the same time period, suggesting expanding indications for TJA [41] .
There was an increasing prevalence of obesity among patients undergoing revision THA and TKA. The revision burden associated with obesity increased in TKA while remaining unchanged in THA. The prevalence of obesity among revision TJA reported in this study is similar to that reported by Kremers et al. in a large series of revision TKA and THA from a single center [19, 28] . With obesity known to result in higher medical costs, even in patients without other comorbidities, the high prevalence of obesity is likely to result in additional financial burden to the health system [19] . Although obesity may be associated with a higher complication rate, the functional outcomes in obese patients are often comparable to that in nonobese patients and should also be considered while offering TJA to obese patients [31] . McLawhorn et al. [32] showed that functional improvements were higher in obese patients undergoing THA suggesting that higher BMI alone should not prevent a patient from undergoing TJA.
The present study demonstrated an increasing prevalence of obesity among infected THA and TKA. The infection burden associated with obesity increased in THA and TKA, whereas the infection burden associated with nonobese patients either remain unchanged (THA) or decreased (TKA). Although the increase in infection burden has been previously reported, the factors contributing to this rise are unknown, although some have suggested it may in part be a result of increased antibiotic resistance [22] . However, the resistance patterns were not shown to have changed with the prophylactic use of antibiotic cement [13] . Obesity is rarely an isolated comorbidity and often predisposes to other comorbidities like diabetes mellitus, hyperlipidemia, and atherosclerosis, which place patients at higher risk for infection and wound complications [10, 34, 37] . Given the strong association of obesity and infection, the present study suggests that obesity may be associated with the increasing infection burden of TJA.
The growing prevalence of obesity in the United States has been accompanied by an increase in the prevalence of obesity in TJA. The influence of the obesity epidemic was more obvious in the increased use of revision and infected surgeries. The obesity epidemic could perhaps explain the increasing infection burden and stable revision burden in the United States despite the advancements in the field of joint replacement. With the obesity rates projected to rise further, the economic burden of complications after TJA is expected to grow. Although obese patients benefit from TJA, surgeons should be aware of the potential implications of the growing obesity prevalence and efforts should be undertaken to reduce complications in obese patients.
